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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

LOW-SPEED WIND-TUNNEL INVESTIGATION OF A THIN 60° DELTA
WING WITH DOUBLE SLOTTED, SINGLE SLOTTED,
PLAIN, AND SPLIT FLAPS

By John M. Riebe and Richard G. MacLeod
SUMMARY

A low-speed wind-tunnel investigation was made to determine the
longitudinal aerodynamic characteristics of a thin delta wing equipped
with various arrangements of double slotted, single slotted, plalin, and
split flaps. The wing was & flat plate with beveled leasding and trailing
edges and had & maximum thickness ratio of 0.0h5, and 60° sweepback of
the leading edge.

The optimum double-slotted-flap aerrangement tested resulted in an
increment in 1ift coefficient of 0.96 at 0° angle of attack and an
increase in the maximum 1ift coefficient of 0.36. The angle of attack
required to obtain & given 1ift coefficient was conslderably reduced
wilth deflection of the double slotted flaps. For 1lift coefficients
above 0.8, the lift-drag ratio for the wing with double slotted flaps
deflected was higher than that of the plain wing.

The maximum increments of 1ift at zero angle of attack for the
single slotted, plain, and split flaps were slmost equal (1ift coeffi-
cient approximately 0.45) and relatively low compared with the increment
for the double slotted flasps. The single slotted flap produced some
increment ir maximum 1ift coefficient (0.24) but the increment for the
plain and split flap was small. Lift-effectiveness estimates made from
two-dimensional Investigations and plain-flap theory agreed with the
experimental 1ift effectiveness of the split and double slotted flap at
low angles of attack.

INTRODUCTION

At the present time, there is considergble interest 1n the use of
delta-wing plan forms for high-speed alrplanes. This plan form exhibits
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desirable aerodynamic characteristics at transonic and low-supersonic.
speeds and possesses advantageous structural characteristics. At low
speeds the longitudinel stability problem appears to be less severe for
delta wings than for conventional sweptback winge: However, the delta
wing requires an undesirably high landing attitude to obtain high 1ift
coefficients. The problem of attaining low landing speeds is therefore
not only one of increasging the maximum 1ift coefficient but also, and
frequently this is the more important consideration, one of decreasing
the angle of attack required to achieve a given 1lift coefficient.

Investigations are currently being made in the Langley 300 MPH 7- by
10-foot tumnel to determine the effectof various trailing-edge high-
1ift devices on thin delta wings in an attempt to improve the landing
characteristics. An exploratory investigation (ref. 1) showed the practi-
caebility of using double slotted flaps on delta wings.

The present investigation is an extension of the investigation
reported in reference 1 but encompasses a more detailed study of the
effect of vane and flap position and deflection, as well as the effect
of small modifications, such as fairing the lower wing lip, on the aero-
dynamic characteristics of a delts wing. Also included are some sgstudies
of single slotted, plain, and split flaps. Particular attention was
directed to the gain in 1ift coefficlent that could be cbtained in the
low angle-of-attack range.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA coefficients
of forces and moments gbout the stability axes. Pitching-moment coeffi-
cients are given sbout the wing 25-percent-mean-aerodynamic-chord point
shown in figure 1. The positive directions of forces, moments, angles,
and distances are shown 1n figures 2_and 3. :

The coefficients and symbols are defined as follows:

Cr, 1ift coefficient, é%
D
Cp drag coefficient, &
- M
Cm pitching-moment coefficient, o
T
L 1ift, 1b ' _
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Xp

g

drag, 1b

pltching moment, ft-1b

L o2

free-stream dynsmic pressure, 1lb/sq ft, 5

wing area, 6.93 sq ft

- o rb/2 5
wing mean aerodynamic chord, 2.31 ft, gl/ﬁ c dy
0

wing span, -4.00 £t
free-stream velocity, ft/sec
mass density of air, slugs/cu £t

flap deflection messured in & plane perpendicular to hinge
line, deg .

-

vane deflection meassured in a plane perpendicular to hinge
line, deg

angle of attack of wing, deg
local wing chord, ft
locael wing thickness, ft

lateral distance from plane of symmetry, measured parallel to
Y-axis, £t

horizontal distance of flep leading edge (station O, teble II)
from wing-upper-surface lip, in.

horizontal distance of vene lesding edge (station O, table III)
from wing-upper-surface 1ip, in.

vertical distance of flap leading edge (station O, table IT)
from wing-upper-surface lip, in.

vertical distance of vene leading edge (station 0O, table ITI)
from wing-upper=-surface lip, in. )
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MODEL AND APPARATUS

The model was tested in the Langley 300 MPH T7- by 10-foot tunnel by
utilizing a sting-support system (fig. 4) and an electrical strain-gage
balance. : ) ' '

The wing of the model had & 60° apex angle (aspect ratio 2.31) and
a taper ratio of O (fig. 1 and table I). The model was made from a flat
steel plate 5/8 inch thick, with beveled leading and tralling edges. The
thickness ratio varied from 0.015¢ at the root to a maximum of 0.045c

at 0.67 %n A flat airfoll was used because of the simple construction

involved. A smaell fuselage was used to house the electrical strain-~gage
belance (figs. 1 and 4) and does not necessarily represent a typical
fuselage. ’ T T o

Drawings of the four flap configurations used in this investigation
are presented in figure 3. The slotted flap consisted of a brass leading
edge (table II) attached to a steel wedge. A vane constructed of steel
to the ordinates given in table III was attached to the slotted flap to
meke the double slotted flap. The plain~-flap configuration was obtained
by deflecting the single-slotted flap about a point near its leading edge
and filling the flap upper surface with modeling clay to-attein a smooth
curve from the wing to the flap trailing edge (fig. 3). The constant
chord split flep used in this investigation was made of-l/8 sheet alumi-
num with the same chord as the flap part of the double slotted flap.

TESTS

The tests were made st a dynamic pressure of approximately 25 pounds
per sguare foot, corresponding to an airspeed of about 100 miles an hour.
Reynclds number for this sirspeed based on the mean aerodynamic chord

(2.31 £t), was approximately 2.2 X 106. The corresponding Mach number
was 0.13. The tests were run through an angle-of-attack range of -20°
to 420.

CORRECTIONS

. Jet-boundary correctlions have been applied to the angles of attack
end the drag coefficients. The corrections obtained from methods similar
to theose ocutllined in reference 2, were as follows:
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o = 1.70 C1, (deg)

X°p = 0.0297 €12

A correction has been applied to the angle of attack to account for
the deflection of the support sting under load. No correction has been
applied to the data for blocking because it was found to be negligible.

RESULTS AND DISCUSSION

Determination of Optimum Double-Slotted-Flap Arrangements

In order to obtain an indication of the vane-flap arrangement
required for the highest 1ift increments, the vane was secured with
respect to the wing in three different positions (which were chosen after
consideration of ref. 1 and some unpublished data). Force data were
obteined with the flap deflected 45° at various horizontsl and vertical
positions. Figure 5 presents the 1lift, drag, and pitching-moment charac-
teristics for this serles of tests. The physical dimensions for each
position, which is munbered for reference purposes, are also Included in
thils figure. The lift-coefficlent results are summarized and presented
in figure 6 as contours of 1ift coefficient for various'positions of the
flap nose. As was found in the results of another double-slotted-flap
configuration (ref. 1), the double slotted flap with vane positions 1
and 2 had good effectiveness in producing 1lift. With the flap located
in an optimum position, there was little difference in 1ift effectiveness
between vane positions 1 and 2; however, as the gap between the vane and
wing upper lip was increased to position 3, the 1ift effectiveness was
reduced considerably (fig. 6).

For high angles of attack below the stall, the delta wing for vane
positions 1 and 2 was generally neutrally stable longitudinally, but with
the vane 1n position 3 wae generally stable throughout the entire angle-
of-attack range tested (fig. 5(c)).

At a given lift coefficient sbove 0.8, the drag coefficients for the
wing with vane positions 1 and 2 were less than that of the plaln wing
and, with the vane at position 3, were larger than that of the plain wing

(rig. 5).

The effect of removing the lower lip of the wing, with the vane in
. position 2, is shown in figure 5(b). The flap position which had pro-
duced the largest increment in 1ift showed a further increase in Cjy

(1ift-coefficient increment of 0.06 at « = 0°), g decrease In drag
coefficient, and an increase in piltching-moment caefficient; however,
when the vane-flap gap was increased, essentially no aerodynamic changes
were noted when the lower wing lip was removed.
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Aerodynamic Characteristics of-Selected
Double-Slcotted-Flap Configurations

.By ueing the data of figures 5 and 6 and of reference 1 as a guide,
the -vane was fixed with respect to the flap at five positions and tests
were mede with the vane-flap units at various deflections about a pivot
point near the nose of the vane (fig. 7). The five units were tested
with two pivot conditions: pivot point X (0.31 in. below and 0.28 in.
behind the wing lip) and pivot Y (O.47 in. below and 0.28 in. behind the
lip). Locations of the flap and vane at the various flap angles are
given in table IV. Figure 8 presents the aerodynsmic chsracteristics of
each of the vane-flap units pivoted through a deflection range with the
vane in position X (the Bmaller wing-lip vane gap). The data obtained
by pivoting each of the vane flap units sbout point Y (the larger gap
configuration) are- shown in figure 9.

Lift coefficient.- Deflection of any of the vane-flap units on the
delta wing resulted in large increments of 1ift coefficient throughout
the angle-of-attack range (figs. 8 and 9). The increments were largest
in the angle-of-attack range between O° and 10° and became smeller as
the stall angle of attack was approached. The largest 1lift coefficients
at angles of attack of 0° and 10° were cbtained for vane-flap unit E
pivoted sbout point X (fig. 10(a)). When the double slotted. flap was
deflected 59°, the wing with vane position E had 1lift coefficients of 0.96
and 1.38 at angles of-attack of 0° and 10°, respectively, and a maximum
1ift coefficient of 1.67. This compares to lift-coefficlent values
of 0, 0.46, and 1.40 for the plain wing at the same angles of attack and
maximum 11ft condition. However, several vane-flap units, at high deflec-
tlon angles, (figs. 8 and 9) had some nonlinearity in the lift-coefficient-
curves at high 1ift coefficients. A more nearly linear lift curve was
usually obtained at lower flap deflections, however, with less 1ift incre-
ment at low angles of attack. The maximum 1ift coefficient for the wing
with double slotted flaps occurred at an angle of attack about 5° less
than that of the plain wing. ' o o '

The angle of attack required to obtain & glven 1ift coefficient for
the delta wing was considerably reduced with deflection of the double
slotted flaps. An angle of attack of about 21° was required for the plain
wing to obtain a 1lift coefficient of 1.0, whereas an angle of attack of
only ebout 1° was required to obtain the same 1ift coefficient for the
wing with vane-flap unit E deflected 59° about pivot point X (fig. 8(e)).
Use of the double slotted flap thus appears to offer a remedy to an
important problem of the delta-wing sirplane, decreasing the angle of -
attack required to-achieve a given 1lift coefficient.

In general, for a given flap deflection, (figs. 10(a) and 10(b))
higher 1ift coefficlents resulted when the vane-flap unit was located
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nearer to the upper 1ip of the wing (pivot point X). The flap 1ift
effectiveness was also maintalned to higher deflection angles for the
configuration where the vane-flap unlt was pivoted closer to the wing
upper lip. TFlap 1lift effectlveness also held to higher deflection angles
when the lower lip of the wing was removed (fig. 10(b)).

Piltching-moment coefflicient.- With the vane-flsp unit at either of
the pivot polnts, the pltching-moment curves of the wing were longitudi-
nally stable at low angles of attack but generally were unstable &t the
higher angles of attack (figs. 8 and 9). The pitching-moment curves for
the wing of reference 1 with double slotted flap deflected hed a steble
break at the stall. The only difference between the model configuration
of reference 1 and that of the present investigailon was the vane sectlon;
it is, therefore, thought that the longitudinal instebllity of the wing
for some of the double-slotted-flap configurstions of the present lnves-
tigation might be removed by alteration of the vane size and shape.

Deflection of all the double-slotted-flap configurations produced &
diving moment which would result in some loss of 11ft coefficient when
trimming the model with & conventional tall. For example, for an air-
plane with the double slotted flap with vane flap unit E deflected 59°
gbout pivot point X, and with a tall length of 2¢, the reduction in 1ift’
coefficlent to counteract the plitching-moment coefficient increment
between the plain wing and the deflected flap condition would be approxi-
mately 0.16.

The use of a horizontal tail to trim out the diving moment resulting
from flap deflection would be expected to have & congiderdble effect on
the longitudinal stebllity of delta-wing airplanes because of the large
variations of downwash distribution behind delta wings. No effort was
therefore made in the present investigation to eliminate the longitudinal
instabllity whenever it occurred, the primary concern being the develop-
ment of configurstions which produced high 1ift coefficients at low angles
of attack.

Drag characteristics.- Beyond a 1ift coefficient of approximately 0.8,
the drag coefficient for the wing with flaps deflected was less than that
of the plain wing so that the 1ift-drag ratios up to the stall were higher.
A comparison of results for the plain wing and those for an optimum flap
condition with respect to 1lift (vane flap unit E deflected 59° sbout
pivot point X) in figure 8(e) show an increase in 1ift-drag ratio from 2.15
to 3.0k at a lift coefficient of 1.2. .

Effect of slot and lip modifications.- Figures 9(a) and 10(b) show
that removing the lower 1lip resulted in some gain in 1ift coefficient by
extending the useble flap-deflection range. Very little change in
pitching-moment coefficlent and drag coefficient occurred with removal
of the lower lip. No further change was observed when the slot between
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the wing and vene was faired with a wooden block (such as that shown for «
the single slotted flap in fig. 3). The importance of not allowing
upward deflection aof the lilp is indicated in figure 11 which are dats
obtained from an investigation (ref. 3) of various spoiler arrangements
on delta wings with double slotted flaps. Although very little change
in the aerodynamic characteristics of the delta wing equipped with the
double slotted flap was ‘Bbserved when the upper lip was deflected down-
ward, a considerable loss of 1ift and an increase 1n drag and a decrease
in etebility resulted when the lip was deflected upward a small amount.

Aerodynemic Characteristics of Single
Slotted, Plain, and Split Flsps

Figures 12, 13, and 14 present the results for the wing equipped )
with a single slotted flap, a plein flap, and a split flap, respectively.
The meximum 1ift coefficient and the 1lift coefficient at angles of attack
of 0° and 10° are plotted against flap deflection in figure 15 for the
three flap configurations. The single. slotted flap developed less 1lift
throughout the angle-of-attack range and less drag in the low lift- .
coefficient range than the double slotted flap. Both flap configura- ’
tions stalled at approximately the same angle of attack but the single
slotted flap hed a stable break of the pitching-moment curve at the stall
compared to an unstable bregk for some of the double-slotted-flap con- . _
figurations. Generally there was very little difference between the '
gerodynamic characteristics of the plain flep and split flap.

Figure 15 indicates that—in the range of flap deflections tested,
the single slotted flap generally developed higher maximum 1ift, (incre-
ment from plain wing, 0.24) and produced it at-a lower flap deflection,
than either the plain or split flaps. In the lower angle-of-attack
range, the single slotted, split, and plain flaps show relastively low
flap effectiveness at high deflections (1ift coefficient of spproximately
0.45 at 0° angle of attack) as compared to the double slotted flaps of
figure 10. ' '

Estimated Flap Lift Effectiveness

Plain-flap effectiveness as determined from reference 4 1s shown by
the dashed line in flgures 10 and 15. The curve represented in these
figures is an extemsion to 50° of the plain-flap effectiveness computed
in the Q0° to 10° deflection range. Comparison of the estimated plain-
flap effectiveness with the data for the double slotted flap suggests
that the vane of the double slotted flap was essentially a boundery-layer- .
control device which held the plain-flap effectiveness to high deflection
angles. -
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The diasmond-shaped symbols in figures 10 and 15 are estimates of
the 1ift increment at 0° angle of attack for the double slotted and split
flape, respectively, on the delta wing. These values were cbtalned by
the combined use of refererice 4 and split- and double-slotted-flap effec-
tiveness, a/Sf, of two-dimensional investigatlons and are in good sgree-

ment with the experimental data.

CONCLUSIONS

A low-speed wind-tunnel investigation of a thin delta wing equipped
with various trailing-edge hilgh-1ift devices indicated the following:

1. The angle of attack required to obtain a given 11ft coefficient
was considersbly reduced with deflectlon of the double slotted flaps.
A double-slotted-flap configuration resulted In an increment in 1ift
coefficient of about 0.96 at 0° angle of attack and an increase in maxi-
mm 1ift coefficient of 0.36.

2. At 1ift coefficients sbove 0.8 the lift-drag ratic for the wing
with double slotted fleps deflected was higher than that of the plain
wing.

3. The maximum increments of 1ift at an angle of attack of 0° for a
single slotted, plain, and a split flap were slmost _equal (1ift coeffi-
cient approximately 0.45) and reletively low compared to the increment
for the double slotted flap.

L. Lift-effectiveness estimates made from two-dimensionsl investiga-
tions and plain-flap theory, sgreed with the experimental 1ift effective-
ness of the split and double slotted flaps at low angles of attack.

Langley Aeronauticel ILaboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABIE I

PHYSICAIL CHARACTERISTICS OF THE TEST MODEL

Wing:

Span, ft . . . . . ¢ . .
Aspect ratic . . . . . . < ¢

Thickness of flat plate ((E)

Sweep, deg .« « ¢« ¢ ¢ . e o .
Area, sg ft . . . . . 0. .
Mean aerodynemic chord, ft . .
Leading-edge angle, deg . . .
Teper ratio . . . . . . . . .

Vane:

Spen, £t . . . . < < . . ; ; .
Chord, £t . . « « « « ¢« « . .

Chord, percent wing root chord

Chord, percent flap chord . .

Flap:

Spgn, f£t . . . . . . . ...
Chord, ft . . . « ¢ . « « . .
Chord, percent wing root chord
Area, sg ft . . . . . . o .
Area, percent wing area . . .
Trailing-edge angle, deg . . .

53

(o]

oMM

-
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ORDINATES OF THE LEADING EDGE OF THE TRATLING-EDGE FIAP

@11 dimensions in inches]

-

Station Upper surface Lower surface
o -0.15 -0.15
.1 .01l -.25
.2 .08 -.27
A .18 -.29
.6 .25 -.30
.8 .30 -.31
1.1 .31 -.31
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TABIE ITI
ORDINATES OF THE VANE
[}11 dimensions in incheé]
Station Lower surface -Upper surface
0 0 0
.025 -.067 .051
075 -.105 .100
125 -.125 130
175 -.139 .153
.225 -.145 L1T5
275 -.145 .190
.325 -.138 . 205
-Telo] -.125 .219
.500 -.099 221
.600 -.07k .215
700 -.055 . 205
.800 -.0kk .180
.900 -.039 .153
1.000 -.042 115
1.100 -.050 075
1.200 -.066 .025
1.300 -.083 -.032
1.400 -.105 -.083
1.500 -.153 -.153
. ‘i‘ﬂ!g!pr’
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LOCATION OF FLAP AND VANE FOR VARIOUS DOUBLE-SLOTTED-FLAY ARRARGEMENTS TESTED

Vane-flap 8 Xpy Zpy 8, Xys Zys Data
unit £ in. in. in. in. figure
Pivot point X

A 49%00! -1.32 0.50 -6° 0.06 0.37 8(a)
53935' 1.30 .60 -20 .06 .35 8(a)

580351 i-1.30 .68 4o - .06 .34 8{a)

640051 - <1.25 .76 140 .06 .33 BEa)

69°00! -1.21 .83 ko .06 .32 8(a)

B 105010 -1.23 .60 o° .06 .36 8(v)
kg°50? -1.20 .68 50 .06 .34 8(b)

55930 -1.19 .76 10° .06 .32 8(p)

60°00° -1.13 .83 15° .06 .30 8(b)

c LyO3qQr -1.07 .82 9° .06 .32 8(c)
49%40¢ -1.03 .90 iko .06 .30 8(c)

54025¢ -1.00 .95 19° .06 .29 8(c)

59030 -9k 1.20 23,0 .06 .28 8(c)

D 53%401 -1.23 - 1.12 11 .06 .30 8(a)
59°05* -1.13 1.21 16° .06 .29 Bga)

6309201 -1.05 1.28 21° .06 .28 8(a)

E 48935¢ ~1.10 1.25 ° .06 .28 8(e)
54°00" ~1.01 1.31 240 .06 27 &(e)

' -.92 1.38 = >0 .06 .26 8(e)

64900 -.8% 1.43 340 .06 .2k 8(e}

Pivot point ¥

A 449007 -1.37 0.56 -11° 0.06 0.51 9(a)
530451 -1.30 LTh -1° .06 .48 9(a)

59C051 -1.30 .82 yo .06 Ay 9(a)

64°051 - -1.25 .90 9o .06 16 9a)

69°15* -1.21 97 40 .06 46 9{a)

B 350051 -1.e3 STh Q@ .06 .48 9(b)
500151 -1.20 .82 59 .06 AT 9(p)

56010 -1.19 - .50 10° .06 L6 (v}

60°40°" -1.13 .97 RN .06 45 9(b)

c Lyons1 -1.07 .96 - 9@ .06 k6 9(c)
50°10°' ‘-1.03 1.0k 14° .06 A 9(c)

55%00* ~1.00 1.09 19° .06 43 9(c)

D 4oo15¢1 . -1.33 1.19 11° .06 .46 9(d)
549251 ~1.23 1.26 16° .06 A5 9(a)

59025+ -1.13 1.35 21° .06 el 9(a)

E 140001 ~1.20° 1.31 13° .06 b o(e)
Lg935! -1.10 1.39 189 .06 A2 9(e)

540007 -1.01 1.45 23° .06 40 g(e)

59920! -.92 1.52 28@ .06 .38 9{e)

6103151 -.84 1.57 33° .06 .36 9(e)




Figure 1.~ General arrangement of the 60° delta-wing model.
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Figure 2.- System of stability axes. Positive values of forces, moments, :
angles, and distances are indicated by arrows.
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Wood
fairing

Single slotted flap

549"~

FPlain flap

Split flap

*TZ::§§:F’

Note: The values of x measured from the wing
upper 1lip are positive in the upstream direction and
the values of z measured from the wing upper lip
are positive In a directlon toward the lower wing
surface (similar to the positive directions for the
stabllity exes, fig. 2).

Figure 3.- Double slotted, single slotted, plain, and split flaps tested
on the 60° delta wing.




Figure 4.- The 60° delta wing mounted in the Langley 300 MPH T7- by
10-foot tunnel.
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(a) Vane position 1: X%y = 0.0 inch; z, = 0.26 inch; &, = 0°.

Figure 5.- The aerodynamic characteristics of the test model with a
double slotted flap deflected 45°.
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